Abstract: In order to improve the vehicle speed range of the interior permanent magnet synchronous motor, the flux weakening control strategy is studied in this article. The interior permanent magnet synchronous motor field weakening control system simulation model is established based on the platform of MATLAB/Simulink, and high speed weak magnetic control system simulation is carried out. The simulation results show that the system has a wide range of speed regulation, and these provide a reference significance for further study on the high-speed cruise and overtaking and other conditions.
Introduction
Interior Permanent Magnet Synchronous Motor (IPMSM) due to its high torque power density, high power factor, wide constant power speed range advantages in electric vehicles, wind power, rail traction, electric spindle and other fields has been widely used [1] [2] [3] . Electric vehicle drive system can realize constant torque control at low speed ,and can achieve wide constant power speed at high speed. In addition, in the high speed traction rail transportation, vigorously pursued the IPMSM system wide constant power speed, in order to achieve the speed upgrade, therefore, in electric traction, the interior permanent magnet synchronous motor for weak magnetic control, enhance the speed range of IPMSM, which has an important significance [4] [5] . In this paper, the interior permanent magnet motor field weakening control strategy is studied; With the MATLAB/Simulink simulation platform, the simulation model of IPMSM weak magnetic control system for vehicle is built, the simulation results show that the system has a wide range of speed regulation, and provides some reference for the further research on high speed cruise and overtaking condition.
d-q axis mathematical model of IPMSM
In order to simplify the analysis, the rotor is assumed to have no damping winding, that is, the damping winding has no damping effect on the permanent magnet of the motor; the stator air gap distribution is uniform; the counter electromotive force waveform is sinusoidal; the core of the motor is neglected, and the eddy current and the magnetic hysteresis loss of the motor are neglected.
Under these assumptions, the mathematical model of the d-q axis of IPMSM is: Voltage equation:
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Motion equation:
respectively is the d-q axis of the stator current, voltage, flux and inductance components; f ψ is a flux linkage produced by permanent magnet; s R is the stator phase winding resistance; ω is the electric motor speed; p is the pole pairs; e T 、 L T 、 F 、 J respectively is motor electromagnetic torque, load torque, viscous friction coefficient and moment of inertia.
IPMSM weak magnetic control strategy
The rotor exciting magnetic field of IPMSM is produced by permanent magnet, by increasing stator current and direct axis armature reaction to weaken the motor air gap magnetic field, to achieve the "weak magnetic" effect, and the terminal voltage and stator current are restricted by the output of the inverter, in the d-q axis coordinate system, the limit values of the current and voltage are assumed to be lim i 、 lim u , the following formula can be obtained: Because of the high speed steady state operation of the motor, the resistance value is much less than the reactance value, so the voltage drop on the resistance is negligible, by formula (1) , it can be deduced that the steady-state voltage equation is:
The equation (6) into the equation (5), finishing the voltage limit of elliptic equation:
By formula (7) shows that, when the motor voltage to the inverter can output voltage limit, if it continues to accelerate, which is required to enter the field of weak magnetic control, to increase d i while reducing q i to maintain the output voltage balancing effect.
It can get the current limit circle and voltage limit ellipse by formula (4) and formula (7). As shown in Figure 1 , curve OA represents the maximum torque/current control trajectory, When the access to the weak magnetic control, the running track of the stator current is along the curve AB from point A to point B, in order to achieve the purpose of weakening. Weak magnetic control region IPMSM for the weak magnetic control, working area division of current track and the changes of voltage, current and torque in the area as shown in figure 2 , Weak magnetic II region can be considered to be the optimal control area marked in Figure 2 , in this area, the maximum power can be achieved when the parameters of the motor meet the specific requirements. In the constant torque region shown in Figure 2 , the output torque is constant, and can be the maximum value. The counter electromotive force of the motor is proportional to its rotational speed, and it becomes an upward trend, so the output power is increased continuously. The output voltage of the inverter reaches the maximum value after the point A, and the speed is up to the rated value, which has been shown in Figure 1 , in this operation mechanism, due to the limit of the current limit cycle, the speed can't continue to rise along the curve. If the motor speed continues to increase, then enter the weak magnetic control area as shown in figure 2 .
In the field of weak magnetic I, the motor speed and torque are inversely proportional to the output power is constant. If higher speed is needed, the control needs to enter the area of the weak magnetic region II, and the motor runs along the MTPV curve.
The equation can be expressed as: In order to make the output voltage does not exceed the maximum voltage of the inverter, the input current of the current regulator can be expressed as follows: 
Weak magnetic control strategy
The electric vehicle electric drive system can be output at constant torque at low speed, in order to adapt to the fast starting, climbing, acceleration and other requirements; at high speed to achieve constant power flux weakening control, to meet the requirements of electric vehicle cruise speed, passing, and so on. Considering the characteristics of electric drive system and the special requirements of the design of vehicle IPMSM control system, when the control system of IPMSM is designed, the weak magnetic control strategy is adopted, in order to widen the speed range of the motor, to achieve high-speed constant power operation. Figure 3 is the IPMSM weak magnetic control strategy of the overall block diagram, mainly including: weak magnetic control module, IPMSM motor module, SVPWM generation module, coordinate transformation module, inverter module, speed and current control module and so on.
System simulation and result analysis
According to the weak magnetic control principle of permanent magnet synchronous motor, the overall structure diagram of the IPMSM weak magnetic control strategy is given in Figure 3 , and the simulation model of IPMSM weak magnetic control system is built in MATLAB by using the above mentioned weak magnetic control strategy, as shown in figure 4 . The parameters of the motor module: stator resistance , the IPMSM limiting load system simulation waveform of weak magnetic speed as shown in Figure 5 , in the figure, 0 to 0.3s of the time period, the load torque is T L =3N·m; 0.3s to 0.5s of the time period, the load torque is T L =10N·m Starting torque is 20N·m, from Figure 5 shows that ,before 0.15s, IPMSM system speed up to 5000r/min, in this period of time, the AC, straight axis current is i d =-50A, i q =7A; from 0.15s to 0.2s is the motor speed regulation time, the electromagnetic torque and load torque are balanced, in this period of time , i q =1A, i d =-40A; 0.3s later, when T L =10N·m, the electromagnetic torque and load torque are balanced, at this time, i d =-45A, i q =4A, speed down to 4800r/min.Above speed adjustment process, it is proved that the constant power weak magnetic speed control strategy is effective.
Conclusion
In order to study the IPMSM wide speed control of the vehicle, the basic principle of the weak magnetic expansion is analyzed, and the simulation of the system is made, simulation results show that, after the constant power and weak magnetic speed regulation, the speed of the whole system is raised from the rated speed 3000r/min to the speed 5000r/min, fully proved that the improved speed range, which lays a theoretical foundation for the practical application of high speed cruise and speed of motor vehicle, and provides a good reference value for the research of high performance vehicle motor controller.
